We explore the critical fluctuations near the chiral critical endpoint (CEP) in a chiral effective model and discuss possible signals of the CEP, recently explored experimentally in nuclear collision. Particular attention is paid to the dependence of such signals on the location of the phase boundary and the CEP relative to the chemical freeze-out conditions in nuclear collisions. We argue that in effective models, standard freeze-out fits to heavy-ion data should not be used directly. Instead, the relevant quantities should be examined on lines in the phase diagram that are defined self-consistently, within the framework of the model. We discuss possible choices for such an approach.
Introduction
The chiral phase transition of QCD is conceptually well understood in terms of effective models, that belong to the same universality class. However, a quantitiative characterization of this transition is at present available only at small net baryon densities. Thus, it is well established, that at low values of the baryon chemical potential, the system undergoes a smooth crossover transition with increasing temperature from a phase, where the chiral symmetry is spontaneously broken to a phase, where the chiral symmetry is approximately restored [1] . It has been conjectured that at high net baryon densities, the transition could be first order. In this case the first order transition line would end in a critical point which is referred to as the Critical Endpoint of QCD (CEP) [2, 3, 4, 5] . In spite of intense efforts both in theory and experiment to establish the nature of the chiral transition at non-zero baryon density, the possible existense of a chiral critical endpoint remains unclear.
One of the goals of the Beam Energy Scan (BES) program at the Relativistic Heavy Ion Collider (RHIC) is to explore QCD phase diagram at non-zero net baryon density by probing fluctuations of conserved charges along the chemical freeze-out line [6, 7, 8, 9, 10] . In the following we will focus on fluctuations of the net baryon number, which are reflected in the measured cumulants of the net proton event-by-event fluctuations [11] .
We present calculations of the baryon number cumulants χ n B = T n−4 ∂ n P(T, µ B )/∂µ n B from the pressure P in the function of temperature T and baryon chemical potential µ B in the Polyakov-Quark-Meson (PQM) model within the framework of the Functional Renormalization Group (FRG) [12, 13, 14] . By changing the parameters of the model we are able to modify the location of the CEP. We determine the freeze-out line in the phase diagram self-consistently for each parameter set of the model and compute the baryon number cumulants along these lines. In such a scheme, part of the model dependence is expected to be eliminated. We discuss the relationship between various baryon number cumulants and compare our findings with the recent data obtained in the BES [11] .
The Polyakov-Quark-Meson model
The Polyakov-Quark-Meson (PQM) model [15] is an effective theory of QCD, which describes chiral symmetry breaking and simulates confinement of quarks at low temperatures and chemical potentials and free quark degrees of freedom at high temperatures. These properties allow us to study the interplay of the chiral and deconfinement phase transitions in this model. The degrees of freedom of the model are quarks (up and down in this work) and mesons (the pions and their chiral partner, the scalar sigma meson). Furthermore, the quarks are coupled to a background gluon field which manifests itself in the Polyakov loop. Details of the model can be found in the literature [15, 16] .
The fluctuations of both quark and meson fields are accounted for using the functional renormalization group. This is done by solving the flow equation [12] , which evolves the effective average action by successively integrating out fluctuations of a decreasing momentum scale, starting from the classical action in the ultraviolet to the full quantum effective action in the infrared. We work in the Local Potential Approximation (LPA), where only the mesonic potential is scale dependent. We discretize the order parameter space and solve the flow equation on a grid [17] .
Results
The interpretation of the baryon number cumulants obtained in heavy-ion collisions is a non-trivial task. In addition to the difficulties involved in assessing finite size and finite time effects, there are several sources of non-critical fluctuations [18, 19, 20] ,which are not yet fully understood. Moreover, in a comparison with effective models, one has to deal with the fact that non-universal quantities can differ from their values in QCD. This means, e.g., that the pseudo-critical temperature of the model will in general be different from that of QCD. Owing to this, a direct comparison between model and experiment could be very misleading. One can reduce this model dependence either by a suitable rescaling of the freeze-out line or by a selfconsistent determination of this line within the model. We consider the following three possibilities to locate the freeze-out line:
• heavy ion freeze-out line taken from [21] , with T 0 fitted to the pseudo-critical temperature at µ = 0 for all parameters,
• pseudo-critical line,
This procedure approximately preserves the relation between the freeze-out line and the chiral transition, thus eliminating part of the model dependence. The motivation for defining the third line emanates from the experimental data: recent STAR results [11] show that in the energy range of the measurements the ratio χ 3 B /χ 1 B remains approximately constant at a value slightly below unity. In the hadron resonance gas (HRG) this ratio is unity, while in a gas of free quarks it would be 6/π 2 . Consequently, a reduction of this ratio is a conseuqence of the change in degrees of freedom. It follows from the universal structure of the singular free energy near the CEP that all lines of constant χ [10, 22, 23, 24] .
At large values of µ q /T , the results obtained on the (rescaled) phenomenological freeze-out line differ substantially from the other ones. This is related to the corresponding freeze-out conditions. For large values of the chemical potential, this line ends up in the hadronic phase, well below the phase boundary obtained in the model. Consequently, on this line all cumulant ratios approach unity at large values of µ q /T . Thus the general structure of the singular free energy near the CEP implies that both ratios χ 
Conclusions
We presented results for ratios of baryon number cumulants obtained in a chiral effective model using the FRG to include fermionic and bosonic fluctuations. We found that on the χ 
